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Preface. 

The  data  upon  which  this  design  is  based 
was  secured  from  the  Department  of  the  U.  S.  Geo- 
logical Survey.  As  the  contour  interval  given 
upon  the  raaps  published  by  this  department  is 
twenty  feet,  an  accurate  diseription  of  the  site 
of  the  proposed  development  could  not  be  secured. 
The  data  ?-iven  is  no  doubt  fairly  accurate,  but 
lid  be  carefully  checked  before  any  develop- 
ment involving  considerable  suns  of  money  is 
attempted.   The  design  has  been  made  upon  the 
same  principles,  and  with  the  same  degree  of 
exactness,  &.z    though  all  of  the  data  used  was 
known  to  be  correct. 

The  calculations  made  in  the  design  of 
of  the  tunnel,;  canal,  pine  line  and  surge  tank 
have  been  omitted  fro-1.  thiJ3  volume.  Their  |  .  - 

eatures  have  bee^-  described,  however,  and 
detailed  drawings  given  upon  the  plates  included 
is  Des 
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I  desire  to  express  my  gratitude  to  ray 
instructor,  Professor  Stanley  Dean,  whose  in- 
terest and  cooperation  have  been  of  great  assis- 
tance in  solvit  the  problems  encountered  in 
connection  with  this  design. 

Louis  I.  Goldberg. 


THE      DESIGN      OP      20    ,    000   H.P. 
H   Y   D  R  0-E  L   E   0   X  R   I    C      DEVELOPMENT 

TABLE   OP   CONTENTS. 


Page 
Prefase.  1 

Table   of  Contents.  3 

List   of   Illustrations.  6 

Part      1 


General  Considerations- 
General  Information  en  Location, 
Topography  and  StreaH  ''Ion.  9 

Determination  of  the  Head  Capable 
of  Economic  Development.  1*5 

Determination  of  Size  of  Develop- 
ment Justified  by  Pall  of  Stream,  Quan- 
tity of  Plow,  and  Storage  possibility.  16 

General  layout  of  the  proposed  De- 
velopment. ^6 

Part  ?._.___ 
Design  of  Dam- 


THE   DESIGN  OP  A  20,000  H.  P. 
H  Y  D  R  0-E  L  E  C  T  R  I  C   DEVELOPMENT. 

TABLE  OF  CONTENTS  (  CONTINUED  ) 

Page 
Determination  ©f  Heighth  and  Length 
of  spillway.  30 

Determination  of  the  Typs  of  Dan  to 
be  Used.  3? 

Design  of  Reinforced  Concrete  Sec- 
tion of  Dam. 

Design  of  Hollow  R.C.  Spillway.  35 
Design  of  Protesting  Apron.  47 
Design  of  Automatic  Crest  Gates,  ^n 
Design  of  Sluice  Gates.  49 
Design  of  Earth  Fill  Section  and 
Abutments.  50 

PART 3 

Design  of  Canal,  Tunnel  and  Surge  Tankr  5? 
Design  of  Tunnel  and  Intake.     52 


THE   DESIGN  OP   A  20,000  H.P. 
H  Y  D  R  0-E  L  E  C  T  R  I  C   DEVELOPMENT, 

TABLE  OF  CONTENTS  (  CONTINUED  ) 

Page 
PAR  T  _.4_ 
Design  of  power  pi  ant, - 

Determination  of  Voltage,  Speed  and 
Capacity  of  Generator  Installation.      °4 

Selection  of  Hydraulic  Turbine  Units.  ?7 

Design  of  Taper  piece.  ux 

Design  of  Scroll  Case. 

Design  of  Draft  Tube. 

Detailed  Layout   of   the   Poorer  Plant: - 

OK 

Hydraulic  Equipment 
electrical  Equipment. 


Bibliography- 


APPENDIX 

RP 


THE      DESIGN      OF      A      20,000      fi.    P 
H   Y   D  R  0-E  LECTRIC      DEVELOPMENT. 

LIST  OP   ILLUSTRATIONS. 


Figure  Page 

1.  Drainage  Area  of  the  Genesee  R. 

Above  Portageville,N.Y.  1C 

2.  Curve  of  Mean  Monthly  Flew  of  the 
Genesee  R.  at  St.  Helena, N.Y.         17 

3.  Curve  ©f  Mean  Monthly  Plow  during 
Summer  Months  of  1913.  1Q 

4.  Section  Through  Spillway  of  t^e 
Hollow  Reinforced  Concrete  Dan. 

5.  SeGtion  Through  Scroll  Case  and 
Turbine.  u<r> 

3.  Longitudinal  Elevation  through 

Scroll  Case  and  Taper  Piece. 
7.  Curve  of  Velocity  of  Water  Flow 

in  Taper  Piece. 
P.  Flan  View  of  Scroll  Case. 


^4 
63 


THE      DESIGN      OP     A      20,000   E.    P. 

H  Y  D  R  0-2  L  E  C  T  R  I   C      DEVELOPME   N  T. 

LIST  OP  ILLUSTRATIONS. 


Figure  pa/re 

9.  Elements  of  Draft  Tube  Center  Line. 

10.  Plan,  Elevation,  and  Section  of 

Draft  Tube.  BO 

11.  Curves  of  Draft  Tube  Velocity. 


D  ji   S   I    G   s      OF      A      20,000      K.      P. 
H  Y  D  R  0-  e'l-'b  C  T  R  I   0      DEVELOPMENT, 

LIST      OP      PLATES. 
Plate 

1     Maps-  General  man  of  district:  Contour 
Map  of  reservoir. 

Plan  and  Pr©file  alonr  Center  Line  of 
Canal, Tunnel,  and  Pipe  Line. 

3  Diversion  Dam-  Earth  Fill  .Section. 

4  Cross  Section  of  Hollow  R.C. Spillway. 

5  Tunnel  Intake  and  Section. 

6  Sectional  Elevation  of  Power  Plawt. 
"7     Plan  of  Pewer  Plant. 

R     Taper  Piece,  Scroll  Case  and  Draft  Tube. 
9     Wiring  Diarram  of  Power  Plant. 


insert. 


DSSIOli     0?     DRAFT      IU3ii.      _ 

It  is  the  functiob  of  the  Draft  lube  to 
utilizo  by  suction  i 


PART      1 


E  N  E  R  A  L      CONSIDERATION 


THE      DESIGN      OP      A     20,000      H.P. 
H   Y   D  R  0-E  LECTRIC      DEVELOPMENT 

J?   ART        1 


GENERAL  INPORIvIATION  ON  LOCATION,  TOPOGRAPHY 
AND  STREAM  PLOW. 

The  site  of  the  proposed  development 
is  on  the  Genesee  River  near  the  village  of 
Portageville,  Livingston  County,  N.  Y.  It  is 
about  forty  miles  southwest  of  Rochester  and 
thirty-five  miles  north  of  the  Pennsylvania 
boundary  line.  Here  the  river  plunges  over  a 
series  of  three  large  falls  within  a  distance 
of  about  two  miles.  It  is  proposed  to  develop 
the  head  due  to  these  three  falls  and  to  the 
rapids  between  them,  utilizing  a  total  head 
somewhat  in  excess  of  300  feet.  On  Map  No.  1 
Plate  (1)  is  shown  a  general  view  of  the  site, 
showing  the  alignment  of  the  river,  the  location 
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of  the  falls,  and  the  village  of  Portagevil]  e. 

A  general  idea  of  the  topography  of  the 
district  may  be  obtained  from  Map  Mo.  1,  plated;, 
where  contours  are  shoY/n  at  101  foot  intervals. 
"liars   No  (?),  Blate  (l),  shows  the  tonography  of  the 
natural  basin  just  east  of  Portap-eville,  the 
contour  lines  being  drawn  at  four  Foot  Intervals. 
Both  of  theoe  maps  were  obtained  by  enlarging 
nortions  of  the  U.S.  Geological  Survey  Mao,  the 
four  foot  contours  being  internolated. 

Since  the  year  130^  a  /raring  station  has 
been  located  at  St.  Helena,  a  village  situated 
about  5  1/2  "tiles  below  Portareville.  In  the  year 
1913  a  self-record ing  fare  Tas  established  a  short 
distance  below  the  chain  gage  at  the  .station. 
The  channel  at  this  Tjoint  is  cut  in  gravel  ©f  a 
fairly  permanent  nature,  and  the  rating  curve  is 
well  defined.  Current  peter  measurements  are  ta- 
ken by  wadinf,  or  from  a  steel  bridge. 
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T  H   ti      DESIGN      OP      A      20,000      H.P. 
H   Y   D  R  0-E  LECTRIC      DEVELOPMENT. 

TABLE      (1). 

MONTHLY  DISCHARGE  OF  THE  GENESEE  RIVER 

AT  ST.  HELENA,  N.Y. 

Ifconth     Discharge  in  Second-Feet    Run-off 
(1913)   Max.   Min.   MeanPPer  sq  mi.   Depth" 


Jan. 

14500 

1140 

4^00 

4.  ^6 

Feb. 

1300 

300 

578 

0.561 

0.  5^ 

Mar. 

31100 

424 

5330 

5.  17 

r^.96 

April 

laooo 

449 

2610 

2.53 

3. 

May 

3790 

296 

917 

0.99 

1.03 

June 

1000 

120 

406 

0.394 

0.44 

July 

188 

76 

119 

0.116 

0.13 

Aug. 

104 

41 

66.6 

0.065 

0.07 

Sept. 



— 

50 

0.049 

0.05 

Oct. 

1170 

20 

203 

0.202 

0.23 

Nov. 

4360 

ooo 

832 

o.qo« 

0.90 

Dec. 

5«8 

373 

0.362 

0.42 

TABLE   (1)   — Discharge  data  obtain- 
ed under  the  direction  of  the  N.Y.  State 
Conservation  Commission  and  U.S.  Geol.  Survey. 


im  _.  ~tj-nt 1  jmiBtonusj^  \    __; 


I  <*£>*.&&&*&; 
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Table  (l)  gives  the  monthly  discharge 
data  for  the  year  19 island  Figure  12)  shows 
the  curve  of  mean  monthly  flow  for  a  period  of 
several  years.  Table  (2)  gives  the  result  of  a 
series  of  discharge  measurements  taken  during 
1913.  The  area  of  the  drainage  basin  above 
Portageville,  shown  in  Figure  \l),    is  995 
square  miles,  while  that  above  St.  Helena  is 
1030  square  miles,  but  for  our  purpose  we  may 
use  the  same  values  of  stream  flow. 

j;..;>j;.."(.j;.«.j;.jt..';..«jv.jl.;e.j».j5..<e. 

DETERMINATION  OF  HEAD  CAPABLE  OF 
ECONOMIC   DEVELOPMENT. 

It  may   be  seen  from  the  contours 
shown  on  Map  No.  1,  Plate  (l),  that  there 
is  a  total  drop  of  head  of  (1095-765)  or 
330  feet  between  the  natural  basin  epposit© 
Portageville  and  the  base  of  the  fall 
farthest  down  stream.  The  construction  of  a 
shallow  diversion  dam  of  such  height  as  to 
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THE      DESIGN      OF      A      20,000      H.P. 
H   Y   D  R  0-E  L   E   C   T  R   I    C      DEVELOPMENT. 

TABLE      ( 2  ) . 

Lateral   Submer-  Area  Wid-  Disch- 
Interval   pence  sq.ft  th   arge 

10* 

10 

5 

10 

10 
10 

5 

5 

4 

4 
10 

(2)  —  CiJ.rrent  Meter  discharge 

measurements  taken  at  St.  Helena,  N.Y. , under  the 

direction  of  the  N.Y.  State  Conservation  Commission 

and  the  U.S.  Geological  Survey. 


Date 

ivlean 

Mate 

191? 

Gage 

No. 

P.  13 

4.si 

897 

21 

4.81 

896 

M.  12 

4.96 

7Q7 

2P 

8.41 

896 

2Q 

7.73 

896 

A.   2 

4.59 

896 

Je.23 

2.  62 

896 

24 

2.53 

896 

A.  14 

1.82 

764 

14 

1.82 

764 

0.  30 

2.93 
T 

897 

TABL 

E  (2 

0.2&0.S 

5^9 

2Q3 

617 

n 

<S74 

oeo 

1220 

II 

892 

265 

3315 

fl 

2220 

314 

13400 

" 

1980 

30Q 

10300 

It 

1060 

293 

2270 

II 

399 

158 

300 

It 

210 

158 

256 

If 

56 

Q4 

33 

•1  il 

55 

Q4 

33 

II 

501 

282 

/^cy 
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raise  the  elevation  of  the  water  in  the  basin 
to  El.  1115  will  increase  the  total  head  to 
350  feet,  and  will  at  the  same  time  Recreate 
a  large  impounding  reservoir  for  storage  pur- 
poses. 

Although  in  developments  utilizing  a 
much  lower  head,  the  surface  elevation  of  the 
water  in  the  reservoir  can  be  lowered  only  a 
comparatively  small  amount  without  impairing 
the  efficient  operation  of  the  plant,  in  the 
present  case  we  may  drain  the  reservoir  from 
El.  1115  to  El.  1096  without  causing  a  change 
in  effective  head  greater  than  &%,   This  change 
in  head  is  well  within  the  maximum  allowable 
variation  of  25$.  (Lyndon-" Hydro-Electric 
Power)",  The  change  in  head  will  never,  ex- 
cept in  case  of  accident  to  the  dam,  be  as 
great  as  that  calculated  above,  for  at  such 
times  when  the  length  of  draught  allows  the 
level  of  the  impounded  water  to  be  reduced  to 
El.  1096,  the  elevation  of  the  tail  water 
will  be  considerably  lower  than  under  normal 
conditions. 
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DETERMINATION  OP  SIZE  OF  DEVELOPMENT 
JUSTIFIED  BY  FALL  OF  STREAM,  QUANTITY 
OF  FLOW  AND  STORAGE  POSSIBILITIES. 

The  determination  in  advance, 
of  the  actual  amount  of  power  that 
may  be  obtained  continuously  over  a 
long  period  of  years  is  one  of  the 
most  important  factors  to  be  consider- 
ed. 

The  power  which  can  be  developed 
from  the  stream  depends  not  only  upon 
the  head  which  may  be  maintained  and  utilized 
at  the  plant  but  upon  the  continuous  flow  as 
well.  As  the  maximum  variation  in  head  has  been 
found  to  be  less  than  6%   of  the  average  gross 
head,  it  may  be  seen  that  it  is  the  variation 
in  flew  which  must  be  investigated  to  determine 
the  maximum  power  capable  of  economic  develop- 
ment. The  quantity  of  flow  available  depends 
upon  the  total  annual  rainfall  upon  the  drain- 
age area,  and  its  distribution  throughout  the 
year. 
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Figure  (2)  shows  the  mean  monthly- 
discharge  of  the  Genesee  River,  in  second- 
feet  for  the  years  1908  to  1915  inclusive, 
with  the  exception  of  1911,  for  which  year 
ne  data  was  available.  A  careful  survey  of 
the  stream  flow  data  proves  that  1913  is  the 
critical  year  which  determine^  the  limiting 
value  of  the  power  for  which  the  stream  may 
be  developed  economically. 

Figure  (3)  shows  the  hydrograph  of 
mean  monthly  flow  for  ths  low-water  months 
of  the  year  1913,  and  TableU)  gives  the 
discharge  deta  for  the  entire  year.  The  entire 
daily  flow  can  be  utilized  in  any  number  of 
hours  desired,  perfect  pondage  being  furnished 
by  the  basin  which  acts  as  storage  reservoir. 
By  this  means  the  portions  of  the  stream  flow 
not  utilized  during  periods  of  light  load  can  be 
used  at  some  later  time. 

During  the  months  of  August  and  Sept. 
tho  quantity  of  stream  flow  was  far  less  than 
that  during  the  remainder  of  the  season. 
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The  continuous  quantity  of  flow  during  these 
two  months  averaged  58.3  cubic  feet  per  second. 
If  we  assume  that  the  average  power  develop5^ s  to 
be  used  for  twelve  hours  daily,  a  quantity  of 
116.6  «ubie  feet  per  second  is  ^xila°le  as  shown 
on  Figure  (3). 

The  maximum  ^ross  head  which  is  to  be 
developed  has  been  ascertained  to  be  350  feet, 
and  the  minimum  330  feet.  Allowing  a  drop  or 
"loss  of  head"  of  10  feet  in  the  controlling 
works,  a  mimimum  net  head  of  320  feet  can  be 
maintained  and  utilized  at  the  hydraulic  tur- 
bines. 

The  power  represented  by  a  drop  of 

(Q,)  eusecs  from  a  height  of  (H)  feet  is  ex- 
H.P.s  Q  x  62.4  x  H 

pressed  as  

550 

Assuming  that  the  fall  is  developed  by 

turbines  of  80$  efficiency,  the" actual  power 

Q,  x  62.4  x  Hx,8 

at  the  turbine  shaft  is   A.H.P.  ■  ■■■».->»>». 

550 

~  **"*"*■"• 
11  , 


(  ) 
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Therefore  the  power  developed  by   turbines 

of  80%  efficiency,  utilizing  116.6  cusecs  under  a 

head  of  320  feet  is 

116.6  x  320 

A.H.P.  =  - =  3390  H.P. 

11 
As  the  above  value  of  power  is  obtained 

by  utilizing  a  flow  equal  to  the  average  avail- 
able during  August  and  September,  the  stream  can 
beyond  doubt  be  developed  for  a  much  greater 
power.  A  thorough  investigation  of  the  storage 
possibilities  has  therefore  been  made. 

It  was  found  that,  due  to  the  very  grad- 
ual gradient  of  the  river  above  the  falls,  no 
basin  of  appreciable  size  can  be  utilized  with- 
out necessitating  the  relocation  of  a  consider- 
able length  of  railroad,  except  the  one  opposite 
Portageville.  The  latter  basin  has  been  previous- 
ly been  referred  to. 

Several  locations  for  a  dam  to  convert 
this  basin  into  a  storage  reservoir  of  consider- 
able capacity  were  investigated,  the  one  shown 
on  Plate  (1)   being  finally  selected. 
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It  has  been  decided  to  install  a  diversion 
dam  at  this  location  of  sufficient  height  to  raise 
the  surface  of  the  water  in  the  basin  to  El, 1115. 
A  dam  of  greater  height  would  necessitate  the  re- 
location of  an  excessive  amount  of  railway  and 
highway  property.  The  area  which  will  be  flooded 
when  the  reservoir  is  completely  filled  is  indi- 
cated upon  the  maps  of  Plate  (l).Two  sections  of 
earth  road  are  included  within  the  area  to  be 
flooded.  A  relocation  of  one  of  them  has  been 
shown  on  Map  No.  (2). 

In  estimating  the  volume  of  the  storage 
reservoir  created  by  the  dam  it  was  assumed  that 
the  slope  of  the  ground  was  regular  between  con- 
tours. The  topographic  map  of  the  entire  district 
to  be  flooded  was  divided  into  sections,  and  the 
various  areas  obtained  with  a  planimeter.  The 
volumes  of  the  various  sections  were  obtained 
by  multiplying  the  areas  by  their  respective 
mean  depths.  The  total  capacity  was  found  to  be 
8.61  mile  feet  or  240,000,000  cubic  feet. 
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As  the  reservoir  is  filled  to  capacity  at 
the  beginning  of  August  the  above  quantity  of  water 
is  available  for  the  development  of  power  during 
the  two  months  of  minimum  flow.  The  water  in  stor- 
age is  equivalent  to  a  mean  average  flow  of  45 
cusecs, or  to  90  cusecs  if  average  power  is  used 
but  twelve  hours  per  day.  By  adding  this  quantity 
to  that  obtained  from  the  stream  flow  during  the 
low  water  period,  we  find  that  an  average  quantity 
of  116.6  -f  90  or  206.6  cusecs  can  be  utilized,  as 
illustrated  in  Figure  (3). 

The  actual  power  which  may  be  developed  at 

the  turbine  shaft  using  206.6  cusecs  at  a  net  head 

of  320  feet  is 

OH   206.6  x  3°0 

A.H.P.=  — -= =  6010  H.P. 

11       11 
If  the  average  load  is  to  be  carried  but 

10  hours  per  day  7212  H.P.  may  be  developed  con- 
tinually during  that  time.  To  develop  this  power 
at  a  plant  load  factor  of  40%  over  this  period  will 
necessitate  a  total  installation  of  18,030  H.P. 
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As  the  flow  upon  which  the  foregoing  calcu- 
lations have  been  based  is  much  less  than  the  aver- 
age, and  remains  at  such  a  low  value  but  a  compara- 
tively short  time, it  seems  highly  desirable  that  the 
power  of  the  stream  be  developed  to  a  much  greater 
extent  than  that  previously  indicated.   This  will 
necessitate  the  installation  or  purchase  of  a  steam 
power  plant  to  act  as  an  auxiliary  to  the  develop- 
ment. 

The  installation  of  hydraulic  equioment  of 

sufficient  eaoacity  to  develoo  18,000  -  19000  K.P., 

er:a  le 

and  of  a  steam  auxiliary  of  7,500  H.P.,  will* us  to 
contract  for  a  connected  load  of  30,000  H.P.  Pri- 
mary power,  and  Secondary  ten-month  load  of  10,000 
H.P. 

During;  ordinary  stages  of  flow  there  will 
be  a  sufficient  quantity  of  water  to  enable  the 
hydraulic  units  to  care  for  the  entire  load, with 
the  exception  of  maximum  peak.  As  the  Diversity  fac- 
tor can  be  safely  relied  upon  to  be  greater  than 
1.5  as  a  minimum, it  may  be  assumed  that  the  peak  due 
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t©  the  total  connected  load  will  never  exceed  a 
value  of  2^,700  H.P.,  which  san  be  carried  by 
the  above  installation  with  a  slight  overload 
upon  the  steam  auxiliary. 

The  location  and  design  of  the  steam  in- 
stallation is  not  properly  a  part  of  this  volume 
and  has  therefore  been  emitted.  It  is  highly  de- 
sireable,  however,  that  a  steam  plant  located  in 
the  vicinity  of  the  center  of  power  distribution 
bi  acquired  by  the  aurdhase  of  an  existing  In- 
stallation. Lf   this  cannot  be  done,  the  steam 
auxiliary  equipment  should  be  installed  at  the 
Terminal  Station. 
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GENERAL  LAYOUT  OP  THE  PROPOSED  DEVELOPMENT. 

A  general  view  of  the  entire  devel  opment 
is  shown  upon  Map  No.(l),  Plate  No.(l).  The  essen- 
tial features  of  the  proposed  development  are  as 
follows: -A  diversion  dam,whieh  will  create  a  stor- 
age  reservoir—  A  power  plant-  A  canal,  tunnel  and 
pine  line,  irhiGh  rill  sonvey  the  vater  from  the 
re  3  'voi   to  the  power  plan£,  penstocks  replacing 
the  pipe  line  for  the  last  nOO' -Tunnel  intake, fore- 
bay  and  surge  tank  located  aler      Line  of  diver- 
sion. 

A  plan  and  profile  along  the  entire  len- 
gth of  the  center  line  of  prooosel  hydraulic  tran  - 
mission  is  shown  upon  Plate  (2).  A  short  study  of 
this  map  will  give  a  clearer  idea  of  the  general 
layout  of  the  prooosei  development  than  could  be 
riven  by  a  written  explanation. 

The  location  and  general  characteristics 
of  ths  diversion  dam  have  been  discussed  in  another 
part  of  this  volume,  and  will  not  be  considered  here, 

The  canal  is  to  have  a  length  of  about 
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1400',  its  bottom  at  Sta.  (1)  being  at  El.  1098.  It 
will  be  desi-ned.  to  carry  600  cubic  feet,  of  -Tater 
oer  second,  dost  of  the  excavation  sill  be  in  ear 
or  -ravel,  the  last  200'  'ing  sorae  rock  re- 
moval.The  slope  of  the  canal  bottom  is  to  be  .001, 
its  elevation  at  the  tunnel  intake  being  1090.6. 

will  1  v  lonsidered  later  i  der 
"Design  of  Canal". 

The  tunnel  intake  is  located  at  the  rear  of 
a  forebay.  The  latter  is  enclosed  by  reinforced  con- 
crete walls.  The  detailed  design  of  the  intake  is 
shown  on  Plate  (fs;.  Controlling  gates  are  here  pro- 
vided as  are  also  screening  devices.  The  dssi?n  of 
this  feature  of  the  develop nent  will  be  taken  up 
under  "  Design  of  Tunnel  Intake". 

A  concrete-lined  tunnel  will  be  desi»nei 
to  extend  from  the  tunnel  intake  at  Sta. 14  -  30 
to  a  Forebay  at  Sta.42  -  10. The  caoacity  of  the 
tunnel  is  to  be  F0C       feet  par  second  at  full 

-'.^'         jtal  length  (rill  jq   ?"'^'.  rhe  cross- 
section  -Usi-ned  for  the  tunnel  is  shown  Plate(F). 
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A   od-stave  pipe       r '  in  diameter 
will  be  used  to  convey  the  <»ater  from  the  fore- 
bay  to  the  site  of  the  Surge  Tank.  Its  total 
length  is  to  be  1800*.  For  the  first  4~^*  of  its 
length  it  runs  down  a  hi  ]  side.  Phe  re  ainder 
the  distance  it  follo-vs  the  contour  at  El. 1000, 
which  runs  almost  on  a  straight  line  to  a  point 
above  the  power  house  site.  At  the  Surge  Tank  the 
pipe  discharges  into  a  header  which  supplies  the 
penstocks.  The  SurgefTanlt  riser  extends  upwards 
from  this  header. 

She  site  of  the  proposed  oorrer  house  is 

on  the  bank  of  the  river,  which  is  600'  from  the 

Site 
Surge  Tank.  The  fall  in  head  from  the  tank » to  the 

tail  water  level  is  235*.  Pour  pe      s  of  5* 
diameter  extend  down  the  bluff  from  the  tank  head- 
er to  the  plant.  The  detailed  design  of  the  var- 
ious elements  of  the  plant  and  its  equipment  is 
given  in  Part  IV  of  this  volume,  and  the  draw- 
ings 3omprii  d  in  this  design  on  Plates(5),  C^, 
(3)  and  (9). 
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PART      2 


DESIGN      OF      2  A  ;.*, 
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DETERMINATION  OP  HEIGHT 
AND  LENGTH  OF  SPILLWAY. 

The  maximum  flow  that  has  been  recorded 
at  St.  Helena  oceured  in  Marsh  of  the  year  1913, 
at  which  tiae  a  disehargeof  37,R00  cusecs  was 
ai$*£*%   Tbe  spillway  of  the  diversion  dam  will 
be  designed  to  discharge  50,000  eusecs,  thus 
allowing  a  lioeral  factor  of  safety.   As  the 
spillway  is  essentially  a  weir  it  will  be 
designed  as  sueh0 

The  general  formula  for  the  quantity  of 

water  discharged  by  a  weir  may  be  expressed  as 

3/2 
Q=CLH 
where  Q  is  the  number  of  cubic  feet  discharged 

per  second,  C  is  a  constant  determined  by  exper- 
iment, L  is  the  length  *f  the  weir  in  feet,  and 
H  is  the  height  of  the  water  in  feet  over  the 
crest  of  the  weir.- 

Francis  gives  a  value  of  3.33  for  the 

constant  C,  his  equation  being 

5/2 
Q,  -  3. 33  L  H 
for  suppressed  weirs,  neglecting  the  velocity 

of  approach.  There  are  many  other  constants 

given  by  various  experimenters  which  take 
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into  consideration  this  last  item.   However, 

as  the  dam  is  to  oe  located  at  the  lower  end 

of  the  large  storage  basin, this  veloeity  will 

be  relatively  small,  and  need  not  be  here  son- 

sidered,, 

For  preliminary  calculations  a  spillway 

500  feet  in  length  was  assumed.  Substituting  in 

the  above  formula  we  obtain 

3/2 
50,000  =  3.33  x  500  x  H 

H  =  9.66  feet. 

As  the  dam  itself  is  to  be  very  shallow 

it  was  decided  to  limit  the  height  over  the  crest 

to  9  feet.  This  will  necessitate  a  dam  having  a 

length  of  clear  soillway  of 
3/2 
L  =  50,000  /  9      x  3.33  =  556'  -  0M . 

The  lowest  point  of  the  stream  bed  on 

the  line  of  the  proposed  dam  is  at  El.  1090, 

which  is  25  *  below  the  maximum  established 

water  level  for  the  basin.  As  the  crest  of  the 

dam  must  be  9*-0M  below  this  maximum,  a  dam  will 

be  designed  the  crest  of  which  at  this  point  is 
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16*  -  0M  above  the  gravel  bottom,  and  which  will 
be  provided  with  gates  for  impounding  water  to  a 
depth  of  9*  -  0M  over  the  crest, 

ttlMHHHHMMHMHMMMMMMHMHl 

DETERMINATION  OF  THE   TYPE 
OF   DAM   TO   BE  USED. 

From  the  very  limited  information  secured 
regarding  the  character  of  the  stream  bed  at  the 
site  of  the  proposed  dam  it  appears   that  the  dais 
will  have  to  be  founded  upon  gravel  of  a  permanent 
character. 

The  nature  of  the  foundation  thus  confines 
the  selection  of  the  type  of  dam  to  be  used  to  one 
of  either  the  gravity  type  or  the  hollow  reinforced 
concrete  type. 

The  use  of  the  latter  type  of  construction 
has  been  increasing  very  rapidly  during  the  last 
few  years,  especially  at  locations  such  as  the 
one  at  hand,  where  the  material*  of  construction 
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can  be  delivered  directly  to  the  site  by  rail. 
The  essential  differences  between  thi« 
type  of  dam  and  the  solid  masonry  gravity  dam 
is  that  it  depends  upon  the  weight  of  the  water 
upon  its  inclined  upstream  face,  to  hold  it  against 
overturning.  The  principal  advantages  of  this  tppe 
of  dam  over  the  solid  gravity  dam  may  beenumerated 
as  follows: - 

Sliding  and  overturning  are  practically 
eliminated. 

It  has  a  higher  factor  of  safety  against 
crushing. 

No  uplift  pressure  exists  beneath  it. 

It  is  suitable  for  any  foundation  which 
will  sustain  two  tons  or  more  per  square  foot. 

Its  girder-like  action  prevents  failure  of 
the  dam  when  a  portion  of  the  (foundation  fails. 

The  cost  is  low. 

The  time  of  construction  is  short. 

In  view  ofthe  advantages  possessed  by 
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this  type  it  has  Deen  used  for  the  spillway 
section  of  the  diversion  dam.  The  remainder  of 
the  dam,  as  mag  be  seen  from  Plates  (1)  and  (3) 
is  very  long  and  shallow.   Due  to  the  location 
of  the  village  of  Portageville  just  below  the 
dam,  the  latter  must  at  all  points  be  perfectly 
water-tight.  The  extreme  length  necessitates 
using  some  inexpensive  type  of  section.  An 
earth  fill  gravity  section  with  a  concrete  core 
wall  fulfills  the  requirements,  and  has  been 
designed  for  the  retaining  sections  of  the  dam. 
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THE   DESIGN  OF  A  20,000  H.  P. 
H  Y  D  R  0-E  L  ~  C  T  R  I  C   DEVELOPMENT. 

DESIGN  0?  HOLLOW  REINFORCED  CONCRETE 
SPILLWAY  OF  DA'.:. 

The  general  features  ©f  this  sectien  as 
designed  are  patterned  after  the  A&bersen  Hollew 
Reinfereed  Concrete  Ban.  Several  dams  based  upon 
the  patents  held  by  this  concern  have  beer  built 
recently,  and  have  been  riving  excellent  service, 

The  eutlines  of  a  sectio"  through  the 
spillway  have  been  shorn  in  Fig.  (4),  end  the 
eemplete  seetion,as  finally  designed,  or  Plate 
(4i. 

'Ihe  seetiefi  eonsists  essentially  of  a 
reinforced  concrete  slab, shaped  as  shorm  in  the 
figure,  supported  by  reinforced  concrete  buttres- 
ses spaced  16'  0"  center  to  centsr.  These  butt- 
resses extend  froia  the  front  face  to  the  spill- 
way deck  of  tre  dam,  and  upwards  for  a  distance 
of  12'  2"  above  the  erest  of  the  dam. 
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A  reinforced  concrete  apron  extends  f»©m 
the  toe  of  the  dam  far  a  distance  of  75*  0"  down- 
stream at  the  highest  section  of  the  d  am,  and  a 
lesser  distance  for  the  other  sections.  The  pur- 
pose of  this  apron  is  t-?o -fold: -first-  it  pre- 
vents securing  at  the  bi  re  of  the  dam  from  the 
action  ©f  the  falling  water;  second-  it  prevents 
seepage  water  from  rising  until  it  vas  pas   d  i 
consider*^ "•  e  distanc(  belo*   !      . 

A  matting  of  reinforced  concrete  12"  in 
thickness  runs  the  entire  length  ef  the  dam.  Op- 
enings are  provided  at  intervals  to  allow  any 
water  which  may  find  its  way  under  the  dam  to 
escape. 

Automatic  Crest  Gates  9*  0"are  to  be  urc- 
vided.  These  are  supported  between  buttresses, 
and  ride  upon  bascules.  The  total  head  behind 
the  dam  is  raised  from  16'  0"  to  25'  0"  by  the 
use  of  these  gates. 

The  design  ©f  the  several  parts  of  the 
dan  will  be  taken  up  separately. 
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DESIGN  OP   DECK   SLAB. 

The  deck  slab  will  be  supported  at  in- 
tervals of  161  -  0M  by  reinforced  concrete  butt- 
resses set  vertical  and  perpendicular  to  the 
center  line  of  the  dam.  The  slabwill  be  poured 
in  sections  extending  over  two  panels,  so  that 
it  may  be  analyzed  as  a  simple  continuous  beam. 

For  preliminary  calculations  the  thick- 
ness of  buttresses  will  be  assumed  as  1*  6'J 
Then  the  clear  span  is  16  -  1'  6M  or  14*  6M . 

The  formula 

2         2 
M  =  -¥  1  '=  1.2  W  1   in, lbs. 
10 
will  be  used  in  finding  the  maximum  bending  moment, 

which  is  positive  at  the  middle  of  the  span  and 
negative   at  every  point  where  the  beam  is  con- 
tinuous.  For  purposes  of  analysis  the  slab  will 
be  considered  as  being  divided  into  a  series  of 
beams 912M  in  width,  and  supported  at  the  buttresses, 

Design  of  beam  at  base  of  deck  slab:- 

The  maximum  depth  of  water  at  this  point 
is  1115  -  1090  -  25*.  The  pressure  per  foot  of 


\t 


mm 


111 
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beam  is  62. 5  x  25  x  1  =  1563# 

The  bending  moment  at  the  center  is 
2 
M  =  1.2  x  1563  x  14.5  =  394,500  ixi.# 

The  beam  will  be  designed  for  an  allowed 
value  of 

t     =  500#  is  unit  compression  in  concrete, 
c 


f  =  14000#  is  unit  tension  in  steel. 

s 

The   two   formulae   applying  to   this 
phase  of  rectangular  reinforced  concrete  beam 
construction   are;  2 

M     =   1/2  f     k|bd 
c  c 

2 

M     *  p  f     j   b  d 
s  s 

2 
or       m     =     K  b  d  . 

For  the  values  given  above,  Hool  (Vol.1 
p.  194)  gives 

K  =  76.7     k  =  .348 


P  =  .0062  (ratio  a  to  b  d  . ) 

s 
j  =  .884 

Therefore       m  =  76,  7  b  d  9 
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M  =  394,500  in.# 
b  =  12" 


d  =/594t500        ■  20.  7M, 
^6.7  x  12 
where  d  is  the  distance  from  the  axis  of  rein- 
forcement to  the  surface  of  compression.   Allow- 
inf  two  inches  of  concrete  over  the  steel  gives  a 
required  depth  of  22.7"  required  to  safely   resist 
bending. 


Design  of  beam  to  resist  shear; - 

Total  shear  at  support  is 

1565  x  (16  -  1.5)  =  11,330# 
2 

B  =  H33Q  =  23. 6"   (Allowed  shear  =  40#s^  ) 
12  x  40 

A  depth  of  24M  will  be  taken  and  investigated, 

consideration  being  giveu  to  its  dead  weight. 

Wt.  of  beam  =  24  x  150  x  14.5  =  2175# 
12  2 


per  support  or   ?00#  per  foot. 
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Unit  shear  is 

11550    -    (2175   x   .707)   ■  44.7   #sq." 
12*24  " 

As   this   figure   is   slightly   in   excess  of   the 

allowed  value,    a  number  of  steel  bars   sufficient   to 

reduce   this   figure,    and   to   provide  for  diagonal 

tension,    will  be    turbed  up. 

Steel   reqiiired:- 

The    oxoss-sectional   area  of  steel   re- 
quired is   given  by   the   expression  e.  =   nbd. 

s 
For   the   assumed   allowable   strsesec,and 

n    (the  ratio   of   the  modulae),  p  =  .0062. 

a  =  .0062   x   12  x    (24   -  2    )  =  l*65fi    ^nM. 

s 

The   crocs-sectional   area  of  a  3/4"sq.rod 

is  .5626   sq*.      Therefore   the   required  maximum 

spacing  is   12  /   1.656  =  4. 12M#   A  spacing  of  4" 

.  5625 
will  be  used  for  this  Deam, 

Safety  in  Bond:- 

The  unit  bond  stress  ,  as  expressed 

by  the  symbol  u  is  equal  to    V  i  „ 

2J  d 


[1    [ 
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Smbstituting  in  the  above  formula  we  have 
u  =  11330  -  (2175  x  .707  )  =  73.4  #  per  sq," 
As  this  figure  is  well  within  +he  allowed 
va±ue  of  80#  per  sq,H,  the  above  bars  will  be  used* 
Therefore  at  the  lowest  section  of  the  deek  slab 
the  total  thickness  (D)  is  24",  and  the  reinforcing 
steel  to  be  used  will  be  5/4M  sq.  rods  spaced  on 
4"  centers. 

Design  of  deck  slab  at  top:- 

Th«  maximum  depth  of  water  acting  on  this 

section  is  9j,  The  pressure  per  foot  of  beam  will 

therefore  be  9  x  62  1/2  =  564#. 

2 
M  =  1,2  x  F64  x  14.5  -    142,400  in.#. 


d  =  /I45.t00  =   12.4  D  a   12.4  4  2*   14.4 

■76.7x12 

2  =   IB*    will    be  use  i. 


Investigation  of  safety  in  shear; - 

W  =  15  x  150  x  14g5  =  1360#  is  dead  load  oer  support. 
12         2 

Unit  shear  = (564x^2. 5 ) ~( 1363x. 7Q7)=23. Iff  oer  sq.M 
12  x  15 


)-( 
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Investigation  of  safety  in  Bond. 

a  =  .0062  x  12x|l5-2)=.967  so." 

s 
The  required  soacing  is  12  /  .967  ■  f>.98M 

.  5625 
If  we  use  3/4M  sqa  rods  on  7M  centers  the  unit  Bond 

stress  rill  be 

u  = V_  =       5QS1 =  85.«#  ^q." 

j  d  12/v  x  3  x  ^eeSxis 

Honower,  as  the  actual  design  only  allows 
the  de«k  slab  to  run  up  to  within  10M  ef  the  erest 
the  maximum  spacing  will  be  6"  intheslab  proper, 
and  7*  in  a  horizontal  section  at  the  crest0  This 
will  bring  the  Bond  stress  in  the  rods  in  the  upper 
portion  of  the  slab  below  the  allowed  maximum. 

Therefore  the  slab   as  designed  will  vary 
in  thickness,  increasing  uniformly  from  15"  at  the 
top  to  ?'4W  at  the  stream  fced„ 

Investigation  of  stresses  at  other  sectiorr:~ 

A  section  will  be  taken  at  a  point  13' distant 
vertically  below  the  maxicmm  elevation  of  the  surface 
of  the  water.   This  section  is  shown  on  Figure  (4). 


[        I' 


r         f 
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Investigation  at  section  a  -  a:- 

Deoth  of  water  above  se«tion  is  13'  0". 
The  pressure  due  to    this  head  is 

P  =  13  x  62.5  =  812. 5#  per  foct. 

M  *  1.2  x  812.5  x  14.  F2  =  204,600  inch*. 


f   =  2  x  i.{      -    2  x  204.600  =  477*  oer  sq. " 

c  k  i  b  d-   . 54Px.  °°^xl';.xlF.rt)5~ 


f  =  f  k/2p  =  477  x  .34P   =  13,400*  per  sq." . 
s    c        2  x  .  nfi<~'~> 

%  =  812.5x7.25+  (17.5  x  150  x  .  707  )  7. 25/12=5°.  5*. 
12  x  IF..  25 

u  =  V   =  7.005  x =  86.  6#  Der  sq.". 

id    5  x  12  x  .  OQ4  x  15.25 
0         — 

Investigation  at  section  b  -  b. 

Depth  ©f  water  above  section  is  21'  0". 

The  pressure  due  to  this  head  is 

P  =  21  x  62.5  ~   1512.54  oer  foot. 

-  1.2  x  1312.5  x  14.  52  =  331,000  inch*. 

f  =  2  x  351.000 =  460*  per  sq." . 

.  34P  x  ."884  x  12  x  n.^R- 

fa    =   460    x    .  34S  =    12,000*   t>er    sq.". 

2   x   . 0062 
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V  =    1312.5x7.25   ^(21. 75x150*.  707)7.  25/12=109 10#. 

v0   =   10910 =  46#  per   sq. " . 

1.2   x   19.75 

xl  -  ICQ  10 =  78. 1*  ner  so.". 

5x    12      x    .BP4    )    19.75 
4.5 

*».     JJ.     «.     .«.      it     it,     ,{{.     ifr     s;r      :•. 

DESIGN  0?  BUTTRESSES. 

The  buttresses,  which  have  been  already 
described,-  conform  in  outlinete  the  deck  ef  the 
spillway  belew  the  crest,  and  are  as  shown  in 
Plate  (4;  above.  In  the  design  of  dams  of  this 
type  it  is  customary  to  analyze  the  buttresses 
as  columns.  Due  to  the  extreme  shallowness  of 
the  dam  being  herein  designed  there  will  be  very 
little  chance  for  column  action  to  exist. The 
buttresses  have  been  designed  for  shear. 

The  shearing  stress  per  sq.  inch  that 
will  be  set  up  in  a  12"  butress  at  the  base  of 
the  dam  shall  first  be  investigated,  and  the  de- 
sign based  upon  the  value  obtained. 
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A  horizontal  section  through  a  buttress  at 
the  base  of  the  dan  takes  a  shearing  stress  due  to 
a  head  of  25*  0"  of  water  acting  on  a  section  of  the 
dam  16'  0"  in  length. 

The  pressure  at  the  top  ©f  the  deck  is 

P  =  62. 5  x  9  =  562. 5#  per  foot. 
That  at  the  base  is 

P1=  62.5  x  25  =  1563^  per  foot. 
The  total  pressure  acting  normally  to  the  deck  is 

562.5  ♦  1565   x  22.62  =  24,000#  per'. 
Therefore  the  t©tal  pressure  acting  ©n  the  16'  sec- 
tion ©f  dam  is 

16  x  24,000  =  3P4,0G0#. 
The  horizontal  component  of  this  f©rce  may 
be  considered  as  producing  shear  upon  a  horizontal 
section  ©f  buttress  34*  0"  in  length. The  unit  shear 
produced  in  this  section  is 

vG  ~ 2^2.000 =  55.  7#  per  sq.". 

12  "x  54  x  12 

A  thickness  of  18"  has  been  used  for  all 

sections.  The  maximum  shear  will  therefore  be 

v  =  55.7  x  12  /  18  =  37. 1#  per  sq.". 


The  remaining  elements  ©f  the  hollow  sec- 
tion have  been  shewn  upon  Plate  (4/.  Their  detail- 
ed design,  however,  will  not  be  explained,  nor  will 
the  calculations  by  which  they  were  arrived  at  be  gi« 
ven,  in  this  volume.  . 

y.     J'.  }'      *'.     .;;.  .•;.  >'.     i'.     .';.  M.     i;.     -•■- 

DESIGN  Or1  AUTOMATIC  CREST  GATES. 

As  the  elevation  of  the  crest  of  the  spill- 
way is  9'  0"  belew  the  maximum  elevation  to  which 
the  water  in  the  reservoir  is  to  be  raised,  seme 
type  of  gate  is  necessary  which  will  retain  the 
water  at  this  level. 

Several  types  of  fate  have  been  investi- 
gated. It  was  found  that  any  type  of  lift  gate,  as 
the  ones  in  general  use  in  connection  rith  dams  of 
the  gravity  ©r  arch  types,  was  impraeticatle,  as  it 
would  involve  an  excessive  amount  of  concrete  in 
buttress  extensions.  Several  gates  of  the  automatic 
type  were  also  considered.  It  '.ras  found  that  all 
of  these,  with  the  exception  of  the  one  shown  upon 
Plate  14;,  also  required  the  use  ©f  wide  buttresses. 
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It  has  been  decided,  therefore,  to  install 
gates  of  the  latter  type.  The  use  of  the  siipoort- 
ing  buttresses  as  shown  is  not  a  weak  point  in  the 
design,  as,  due  to  the  very  low  head  of  -later  act- 
ing, they  have  a  high  factor  of  safety  at  every 
section. 

The  dimensions  of  each  gate  are  9'  x  14'  6". 
They  are  made  up  of  striae  tar  al  steel  members.  The 
facing-  of  the  gates  for  the  upner  6'  0"  is  heavy 
planking.  The  lower  third  is  filled  with  concrete. 

The  gates  have  been  designed  to  commence 
tilting  upon  their  bascules  when  the  water  head  over 
the  spillway  crest  reaches  a  value  of  9'  0J: .  In  tilt- 
ing the  pins  at  the  ends  of  the  gate  framework  move  in 
steel-lined  grooves  located  in  the  sides  of  the  ad- 
joining buttresses.  These  pins  prevent  the  gate  from 
moving  downstream  when  it  has  assumed  its  horizon- 
tal position.  The  quantity  of  concrete  placed  in  the 
lower  third  is  of  such  a  value  that  the  ??ate  will  be 
counterbalanced  at  every  point  in  its  travel  upon  the 
bascules.  The  form  of  the  latter  is  shown  in  Plate  (4;. 
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DESIGN  OF  SLUICE  GATES. 

Two  sluice  ^ates  have  been  provided  at  the 
bottom  of  the  dara.  The  gates  are  necessary  during  con- 
struction, as  they  take  care  of  the  stream  flow  dur- 
ing this  period.  They  are  alto  cf  «rreat  value  in  case 
of  the  development  of  leaks, as  they  may  be  used  to 
drain  the  reservoir. 

The  gates  used  are  made  uo  of  heavy  cast-iron 
slabs  supported  by  1  1/2"  ribs.  They  slide  in  a  strong 
structural  steel  frame  faced  with  bronze  strips.  A 
longitudinal  section  through  a  oortionef  one  of  the 
sluiceways,  showing  the  gate  in  place,  is  given  on 
Plate (4A).  Two  views  ef  the  gate  and  sluiceway  ent- 
rance have  been  shewn. 

The  passageway  at  the  entrance  is  moulded  in 
solid  concrete,  and  tapers  from  a  cross-seetional 
area  of  25  sq.  ' .  at  the  gate  t©  13  sq. 'in  a  length  of 
2'. 

The  movement  of  the  sluice  gate  is  controlled 
from  within  the  dan,  the  control  shaft  passing  through 
the  deck.  The  gates  are  operated  by  hand  from  the  plat- 
form, as  indicated  in  the  figure. 
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DESIGN  OF  EARTH  FILL  SECTION  AND  ABUTMENTS. 

An  earth  fill  section  has  been  designed  fer 

a\am. 
the  portions  of  the  diversieTV  extending  from  the 

limits  of  the  spillway  abutments  to  the  contour  at 
El. 1120.  This  gives  a  height  of  5'  0"  above  the  max- 
imum high  water  level  in  the  reservoir.  A  concrete 
core -wall  is  t©  extend  from  a  distance  of  5'  0"  be- 
low the  bottom  of  the  fill  to  within  4'  0"  from  the 
top.  The  earth  fill  section  as  designed  is  shown  on 
Plate  \3;. 

The  empirical  formula  used  in  obtaining  the 
width  of  the  top  of  the  fill  is 

W  ■  5'  0"  +  0.2H 
This  gives  a  value  of  15*  0"  for  the  width  at  the  top 

of  the  20'  section.  The  side  slopes  used  have  been 
1-2  and  1-3  for  the  upstream  and  downstream  sides  res- 
pectfully. . 

The  uostream  side  of  the  emban-cnent,  which  is 
to  be  subject  to  wasft,  has  been  protected  by  a  12"  lay- 
er of  rip-rap, placed  upon  a  16"  layer  of  gravel. 

The  eere  wall,  dimensioned,  has  been  shown  en 
the  plate.  A  plan  view  of  the  dam  is  also  shown. 
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PART   3 


DESIGN  OF   CANAL,  TDNNEL, 

AND   SURGE   TANK. 
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THE      D  E  S   I   G   M      0   F      A      ?0,000   H.    P. 
H    Y   L   R   0-E   L   fc   C    T   R   I    C      DEVELOPMENT. 

DESIGN  OF  CANAL, TU 
.~.T  L  SURGE  Ti  T  I  . 
Desirr  of  Canal: - 

carel  has  ceer   designed  to  carry  a 
maximum  rf   POO  cubic  feet  of  waterper  second,  at 
a  velocity  of  3*  per  second.  A  typical  section  near 
the  beginning  has  a  depth  of  5*,  a  base  width  of 
32'  6'*,  and  side  slopes  of  1  -  1  1/2,  the  hydraulic 
gradient  being  3.QP5.  Length  of  canal  is  1407*,  slooa 
is  .001.  Reinforced  concrete  retaining  'alls  are 
provided  for  the  last  son1. 
Des i gn  o  f  V inn  e  1 :  - 

A  cr  unnel   as   designed, 

««ith   all   dimensions)  is    given   on   Plate    (5),    ffiotal 
length-2780*  ;    capacity-600   cusecs;    slope-.  001:    caax- 
iraura   velocity  "   1/2'    per  se«ond«    Tunnel   intake   a 
designed  .shown  on   plate    (5). 
Design  of  Surge   Tahk:- 

Diaraeter-1B' :        of  tank-^S* ;  Height  of 
riser-b5' ;DiaT>.  Riser-10.  9  '  ;Total  heightof  tank-1301. 
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PART  4 


DESIGN   OF   POWER   PLANT. 


M 


THE      DESIGN      OF      A     20,000      H.    P. 
H   Y   D  R   0-E   LECTRIC      DEVELOPMENT. 

PART      4 


DETERMINATION  OP  VOLTAGE,  SPEED 
AND  CAPACITY  OP  GENERATOR  INSTALLATION. 

The  customary  generating;  voltage  for  plants 
of  this  type  is  6600  volts  (  A.C.  ;.  The  p:)wer  gen- 
erated is  to  be  transmitted  a  maxiaum  distance  of 
66  miles.  A  rough  rule  for  calculating  the  voltage 
of  transmission  desirable  is  to  allow  a  voltage  of 
lOOOvolts  per  mileof  line.  It  has  therefore  been 
decided  to  install  generating  units  rated  at  6600 
volts,  and  step-up  transformers  rated  at  6600-66000, 

The  generators  have  :-een  so  selected  that 
their  total  capacity  is  p;r3at  enough  to  supoly  the 
maximum  demand  while  allowing  one  unit  to  be  held 
in  reserve.  Only  the  generators  located  at  the 
Hydro-Electric  Plant  are  here  considered,  those 
run  in  connection  with  the  steal  auxiliary  not 
being  directly  connected  with  this  design. 
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Pour  units  o^  4,500  K.  V.  A.  have  been 
selected.  The  hydraulic  supply  system  has  been  des- 
i  -i3d  of  sufficient  capacity  to  feed  the  "m^  Lnei 
driving  but  three  generators  at  one  time, the  avail- 
able generating  capacity  thus  being  13,500  .v.  V.  A. 
A  feurth  unit  -fill  thus  be  held  in  reserve  at  all 
times,  and  can  be  cat  in  whenever  one  o  '  :  ie  sther 
units  is  shut  down.  Any  three  of  these  units,  hav- 
ing a  rated  capacity  of  about  in, 000  H.  P.,«an  carry 
a  peak  of  20,000  ...  W.  at  an  overload  on  each  mach- 
ine of  11.  1%. 

An  ooerating  frequency  of  60  Cycles  per  sec- 
ond is  required,owing  to  the  nature  of  the  service 
supplied  by  the  plant. 

In  selecting  the  operating  soeed  a  choice 

must  be  made  from  several  which  are  within  practical 

limits.  As  the  cyclic  frequency  varies  with  the  speed 

of  rotation,  and  with  the  number  of  poles  on  the 

alternator, we  may  find  the  values  of  speed  from  the 

expression 

f  ~   ^  x  n   _  cycles  per  second. 
2   "  ?<" 
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In  this  equation  the  symbols  are  as  follows :- 
f  is  the  frequency  in  cycles  per  second, 
p  is   he  number  of  poles,  and 
n  is  the  speed  in  Rev,  per  minute. 

From  the  above  equation  it  may  be  seen  that 
a  high  rotative  speed  is  required  if  the  number  of 
field  poles  is  to  be  kept  at  a  reasonable  figure.  By 
substituting  various  values  for  (p),  and  60  for  (f/, 

of  n  Ters     i    ,  [   ,3  are  listed  in  the 
following  table. 

(f)  (p)  (n) 

60  10  ?20 

60  12  600 

60  14  514 

60  16  4*0 

The  speed  at  which  the  generators  are  to  be  run 
therefore  left  undecided  i  itil  a  turbine  was  se- 
lected. The  speed  of  rotation,  as  determined  under 

"Seleetion  of  Hydraulic  Turbine  Units", it  to  be 
514  R. P.M. 3  a        enerators  i       srefor 
rated  at  '  .    *  ed. 
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SELECTION  OF  HYDRAULIC  TURBINE  UNITS. 

The  turbines  desired  must  each  be  of  such 
capacity  that  they  can  deliver  6000  H.P.  under  a 
minimum  net  hea  L  of  20' ,   l       ming  at  onu 
i  id      Listed  in  :he  ta  le  on   is  pre«edin  ; 

the  first  two  speeds  listed  are  rather 
hi  gh  for  reaction  turbines  of  the  type  desired,  a 
wheel  was  sought  which  would  fulfill  the  other  de- 
sired requireme  its,  and  r  tn  at  <    of  tl  e 
s  jeeds. 

T  3  rypo  (8)  LL1  i  -  Palmers  Turbine  appear- 
ed to  be  theses t  suited  for  our  purpose.  T^e  man- 
ufacturer's ratings  for  two  wheels  of  this  type  are 
given  as  follows :- 

Ng   D    K.P.     H.Plt    n     H      Nx      Q 

29.4  42"  o800     1.016   a  14    320    29.10    11.18 

29.4  46"  6P50     1.225   514    320    26.60    13.48 

In  this'  table  :!  represents  the  opeci:"^  5 

Speed,  which  is  defined  as  the  number  of  r.p.m.  of 

a  wheel  (of  this  series  )  of  such  size  that  it  will 

develop  1  H.P.  under  a  head  of  1'.  N^  is  the  speed 
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of  the  wheel  under  a  head  of  one  foot,  and  I.P-.  tie 
power  under  bhi  •   sendition.  D  is  the  nominal  diameter 
•  f  the  irheel  in  inches;:-!. P.  the  '^.^r^d   power  inier  a 
head  (H)  of  320', running  at  a  speed  of  (n)  r.p.m., 
and  using  a  quantity  of  (:/  eubic  feet  of  water  oer 
second. 

»f  the  soecific  speed  desired  may 
be  obtained  from  the  expression 


n  p- 


Ns= — -r~y —  where  P  is  the  H.P.  of  wheel. 


1  /r> 

N„=.")14  x  ^000^    -  29.4  r.p.m. 
'      5/4 

This  figure  chests  that  of  the  Tvne  G  wheel 
very      sly.     type  of  runner  desired  to  give 
efficient  results  under  the  aforementioned  con- 
ditions, and  at  this  soeci^ic  voeed,lies  betreen 
Typeslll  and  17  as  listed  by  aelp'ke  and  Van  Cleve. 
(  Taoles-p  156-158  ^'Hydraulic  Turbines".  The  Tvpe  C 
Allis-Chalmers  runner  appears  to  be  of  a  type  about 
midway  between  these,  and  T?as  therefore  seleated. 
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:    -    nanufaeturer's  rating  lists  the  power  of 
the  42"  wheel  ,  when  operating  under  a  head  of  one 
foot  as  1.016  H.P.  The  H.P.  required  of  the  turbine 
to  be  installed  ,  under  a  1*  h3ad  is- 

H-Pl  %£ 

=eoor,/   3203/2  =  1.050  H.P. 

Inasmuch  as  the  power  of  a  wheel  varies  as 

the  square  of  its  diameter  we  have  that 

D2  /  D|  =  H.Pi  /   .Pg, 

and  the   required    iiameter   af    i    Theel    if   the    same 

;  rpe  is 

I  x  1.050    )  c" 

1.016 


;.     .  =  29.65  by   proportion. 

n  =   3201//?   x  2p.«^  =   513   R.P.M. 

The    quantity   of    water  used   at   full   ^ate 

by   the  42.  "5"    wheel   running   at    514   R.    ...    is 

bained   from    the   exores:?-    i 

L/2     o 
q2   -   D      •:    Q     x   H      '    Dg, 


ail    3qual3  ,  ,  , 

42.^5^    x    lltr    x     '  ■  )-    =207.2 

cubic  feet  ner  seeond, 
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A  section  through  the  scroll  case  is  shown 
in  Fig.  (  j) .  A   dimensioned  section,  drawn  ' 
larger  scale  ,  is  shownupon  Plate  (8).  The  dimen- 
sions and  curves  used  in  the  design  were  based 
upon  imp$rical  design  ratios  given  byMGelpke  and 
Van  Sieve- . 

Unfertunately,no  fiast  da4:a  >n  a  ihm   of 
toraologous  ':erl33  I'r.n  which  ;he  ib  ve 
ehosen  was  obtainable.  Therefore  the  detai  led 
analysis  of  the  wheel,  which  would  form  an  im- 
portant adjunct  to  the  design,  had  to  be  omit- 
ted from  this  work. 


DESIGN  OF  TAPER  PIECE. 

It  is  th3  function  of  the  Taper  pieoe  , 
shown  In  Fig.  {(*,),    to  increase  the  velocity  if 
the  vater  from  that  sbtaining  In  the  penstook 
to  that  desired  in  the  scroll  case. 

The  quantity  ©f  water  taken  per  unit  at 
full  gate  has  already  been  ascertained  to  be 
207.2  Gubis  feet  p^r  second.  The  diameter  of 
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penstock   is   to  bo   5*-0" .    Thus   the  velocity  of   the 
water  at   the   entrance   to    the   taper   oiece   trill  be 
q 

V-  -__       20".  2 =    10. 55'/s©«. 

.  7fl54  x   5^ 

In  general  the  velocity  in  the  scroll  case 
should  be  held  constant  at  a  value  which  varies 
fro*!!  .15  to  .20  of  the  spouting  velocity,  the  low- 
er value  bein^  that  use!  for  high  head  develop- 
ments. The  value  «f  the  spouting  velocity  may  be 
found  from  the  expression 


V  =  .15  to  .20  /2  g  r 

where  (II;  is  the  effective  head.   Substituting  the 
lower  value  we  obtain 

V  -   .15  /2  x  32.  15  x  320~   "  =  21.  5Vse«. 

The  cross-sectional  area  at  the  smaller  end 
ef  the  Taper  piece,  whiGh  is  the  same  as  the  entran- 
ce area  of  the  Scroll  Case,  is  to  be 

A  =  o/V  =  °0r\  2  /  21.5  -  9.?-"-  sq.  feet. 

!/2 
D  =  (  9.64  /  .7854  )   '    a  5.88*. 

A  value  of  3'  6"  shall  be  used  for  ID);  for 

whieh  the  velocity  is  21. 73*  /  sec. 

Thus  it  is  the  function  of  the  Taoer  niece  to 
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increase  the  velocity  of  the  Tater  from  10.55'  /  sec 
to  cl."7?'  /  sec.  before  it  is  alloyfed     3n   ■■  he 
turbine,  the  total  increase  being  11.18*  /  se«. 

In  order  that  the  velocity  of  the  water 
night  be  increased  without  shoek,  the  taper  piece 
has  been  designed  so  that  the  acceleration  will 
be  as  shorm  in  Curve  (A)  of  Fig.  (7). Its  length  is 
12'  0",  and  its  sections  such  that  the  velocity 
will  increase  alon^  a  3ine  curve. 

Ihe  X  -  axis  of  the  our/e  ..>      t  trough 
ordinate  16.14  on    the  Iiagra"3.  :  .         1 
curve  with  reference  to  this  axis  is 
x  =  5.  o9  sin  Q, 
where  ooint  0  is  at  »  =  3Tf/  2   and  13  at  °>   -  5rr/2, 

The  velocity  (V)  at  any  point  on  the  curve 

is 

/  =  x  ♦  lfi,  14. 

?or  3xa-Tiple,  the  velocity  at  a  point  dis- 
tant 2'  fro-n  the  larger  end  of  the  tube  is  found 
as  r  )llows : - 

/  =  1 5 .  ]  ■   -c .  ■-■   iin  ^f/      ~   16. 14  -  . .  r  r  ~    1 3 . r '   '  '  -  z 
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DESIGN      OF      A      20,000      K.P. 
H   Y   D  R   0-E   L   E   C    T   R    I    C      DEVELOPMENT, 

TABLE      (3  ). 
RESULTS   OF   COMPUTATIONS    IN   DESIGN  OF 
TAPER      PIECE. 
Pt.    No.      Sin   0        Quant.      Vel.        Area        Dian.    Ft, 


12 

1.000 

207.2 

21.  73 

9.  55 

3.50 

11 

0.965 

n 

21.63 

9.63 

3.51 

10 

0.866 

» 

20.98 

9.89 

3.55 

9 

0.707 

n 

20.09 

10.32 

3.63 

8 

O.sOO 

1! 

1°.93 

10.96 

3.^4 

7 

0.2o8 

» 

17.  5« 

11.80 

3.88 

6 

0.000 

It 

16.14 

12.85 

4.02 

5 

0.  2t>8 

It 

14.69 

14.12 

4.24 

4 

'  0. ^00 

n 

13.  34 

lC.  55 

4.4s 

3 

0.70^ 

it 

12.  IP 

17.02 

4.65s 

2 

0.866 

if 

11.29 

18.36 

4.84 

1 

0.965 

ii 

10.74 

19.30 

4.96 

0 

1.000 

it 

10.55 

19.64 

5.00 
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The    «ross-seetienal    area  of   the    raper   piece 
at    this   point 

A   -    Q  /   V  =   207.2/    11.29    =    18.36    sq.    ft. 

The   diameter  is 
D  =    (    18.36/    .7854    )   /_   =4.84'. 

The  ordinates   to    curve    {B)t    Pig.(rt/,    give    the 
internal   diameter  of   the   Tarter   niece   at   intervals   of 
one    foot   for   its   entire   length.    Tie   results    >f    f."i3 
s     i  >utations  <nade   at      iese         ■  points   are   given 

in   Table    (3). 

Pig.    (  7)    shows    a   longitudinal   view  of    the 
tube   as   designed,    together  with   its   connections    to 
the  Penstook   valve   and    the   scroll   case.    A  portion 
is  also    shown,    iimensioned,    upon   Plate    (3). 

The    tube   is    to   be    cast   in   one   piecex    flange 
z  )  iplitigsfor   connection    to    the   wheel-case   and   pen- 
stock  valve,  p  '  -  i   on  is. 


ES  [  jN     IP   3CR0L  .    OASjS. 
phe  3ad    in  ler  3      t  a        c*b  -    as    ire 

to  be  operated  necessitates   the  use   of  a  very   strong 
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pressure   chamber   for   the   wheel    setting. 

It  has  been   found   that   the   efficiency   of 
water  wheels    is   highest    nhe^    they   are   set   in    spi- 
ral-shaped  cases,    the   water   entering   the    eharaber 
tangentially   froa    the   taper, niece,    and  flowing  a- 
round   the   periphery    >f   the    Theel.    A   porti  »n   of   the 
ring   the   seroll    tase   fro«n   the   taper  pieee 
ises  between   th3   first    juide   vanes    Lt   3noounters, 
lount    if      iter    aovin  •;  on   to    the    remain       ■  of 
the   periphery  being  steadily  diminished. 

The   Scroll   case  has  been   so   designed   that 
the   cross-section   is   diminished   in    3xar:t    proportion 
to    the   quantity  flowing  at    saeh  point,    rhus   the   yel- 
:it         "  .        id  •  j.rj    produced   irithin 

the  a     se  sonstatrt  •     »y  point  of  the     unar 

p  er i  phe  ry . 

The  diameter  of  the  entrance  to  the  Scroll 
Case  has  already  been  ascertained  as  3'  6M ,  and  the 
velocity  of  flow  as   21. 73*    /    ^ec. 

In  order  to  find  the  3ross-se«tional  areas 
necessary  the  ved.oeH       >f    Plow  at   a   constant 
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DESIGN      OF      A      20,000      H.P. 
H   Y   D  R  0-E   LECTRIC      DEVELOPMENT. 

TABLE       (4  ) 
RESULTS   OF   COMPUTATIONS    IN  DESIGN  OF 
SCROLL      CASE. 
Section     Velocity 

1  21.73 

2 

3 

4  " 

5 

6  " 

7  " 

8  " 

9  " 

10  " 

11  " 

12  " 
13 

14  " 

15 
16 


Q 

Area 

Diam. 

207.2 

9.65 

3.50 

194.4 

8.95 

3.38 

181.4 

8.35 

3.26 

168.5 

7.7K 

3.14 

155.  5 

7.16 

3.02 

142.: * 

6.56 

2.c>9 

129.6 

5.96 

2.76 

116.6 

5.36 

2.61 

103.7 

4.  7" 

2.46 

go.'7 

4.17 

2.31 

77.8 

3.57 

2.13 

64.8 

°.98 

1.95 

51.8 

2.38 

1.74 

38.8 

1.79 

1.51 

25.9 

1.19 

1.23 

12.9 

.60 

.87 

valtie,  tl      " 

divided  into  16  parts,  the  assumption  being  that 
1/16  of  the  total  quantity  of  water  aonsumed 
passes  through  each  section  into  the  runner  buck- 
ets, rhis  sonstn  Jtion  has  been  indicated  upon 
Plate  (8/. 

The  quantity  of  water  entering  the  Scroll 
Case,  as  shown  in  Table  is  2T7. 3  cubic  feet  per  sec- 
ond. To  illustrate  the  nanner  in  which  the  aross- 
■section?  of  the  tubs  were  obtained,  the  calculations 
for  Point  No.  5,  which  is  1/4         1    .nee  aro 

-    tall  be  given 
in  detail. 

A  =  Q  /  V  =  ((l-2f  1/4)  x  207.2  )  /  21.73=7.16  sq.  ' 

Q  =    (    1   -   1/4    )    x  207.2  =   1S5. 5   cuseas. 

V 

D  =    (    7.16   /    .r^4    )        =   3.02*. 

The  dia.naters  were  calculate!  for  16  different 

points  on  the  speed  ring,  the  results  af  the. 53  cal- 
mlat ion    si  )  :  Cab  1  :>  '4  ) .  Dr      31  ;^J,bi 

if  the  scroll  case  a   lesigned  n  Fig.  (7),  and 

the  plan  on  Fig.  (p  ).  Dimensioned  drawings  of  the 

comt)leted  design  are  given  on  Plate  O). 
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DESIGN   OP   DRAFT   TUBE. 

It  Is  the  function  of  the  Draft  Tub©  to 
enable  the  turbine  to  utilize  by  suction  the  fall 
from  the  runner  band  to  the  tail-water  level,  and, 
by  gradually  decreasing  the  velocity  of  the  dis- 
charged water,  to  enable  the  exit  velocity  head  to 
be  utilized.  The  tube,  which  is  moulded  in  the  con- 
crete foundation,  extends  from  the  lower  edre  of 
the  runner  band  to  the  front  of  the  power  house, 
discharging  into  the  river  belov  el- 

evation of  tail  water. 

As  the  success  of  the  draft  tube  in  utili- 
zing the  head  depends  upon  its  ability  to  maintain 
a  solid,  unbroken  column  of  water, a  comparatively 
short  draft  tube  is  desirable. 

In  order  that  the  desided  results  might  be 
satisfactorily  secured,  and  to  eliminate  all  chan- 

( >f  vibrations  being  set  up  ir  the  power  house 
sub-structure  due  to  noor  vacuum,  the  draft  tube 
has  been  designed  in  accordance  with  the  theories 
and  equations  advanced  by  Mr.  A.G.Hillberg  in" The 
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Electrical  Review". 

It  is  Mr.  Hillberg's  contention  that 
the  vibrations  in  the  foundations  of  large  power 
plants  originate  in  the  draft  tube  when,  the  tur- 
bine discharge,  which  moves  at  a  hi?h  velocity, 
is  not  sufficient  to  fill  it.  His  design  is 
based  upon  the  theory  that  the  change  in  velo- 
city head  rust  always  be  Ibss  than  the  corres- 
ponding change  in  elevation.  This  is  essential 
if  sufficient  back  pressure  is  to  be  maintained 
to  cause  the  discharged  stream  to  expand  and 
fill  the  tube. 

The  total  height  of  the  tube  should  be 
less,  by  four  feet  or  more,  t^an  the  barometric 
limits  of  a  oerfect  vacuum  at  the  location  in 
question.  A  margin  must  be  allowed  for  governing 
purposes,  as  the  sudden  closing  of  the  turbine- 
gates  might  otherwise  cause  sufficient  vacuum 
beneath  the  runner  to  brinr  the  total  draft  herd 
above  the  barometric  column.  A  mai  i      t  also 
be  left  so  the. t  the  absolute  pressure  of  the 
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water  below  the  turbine  shall  not  be  less   than 
that  at  which  water  vaporize*.  The  formula  riven 
by  Mr.  Hillberg  for  the  value  of  (D),  the  total 
draft  head  at  the  runner,  is 

o 
D=E-(v/2g)-L 

whore  K   is  the  difference  in  elevation  between  the 

ton  of  the  runner  band  and  taj     tei  ]   »1,  (v)  is 

the  velocity  of  flow  through  the  runner  band  at 

full  spead,  (g)  i s  the  ae  eleratien  due  to  rra- 

•vity=  32.  16,  and  L  is  the  loss  due  to  friction, 

curvature,  and  outflow.  Giving  (D)  a  value  of 

33.9,  and  allowing  (.')  as  a  margin  for  governing 

and  vapor  tension, the  equation  nay  be  written 

2 
E=33.9-(M-L)-(v/2g). 

Values  of  3  to  e  feet  are  usually  taken 
for  the  quantity  (  M  -  L  ),  the  former  figure 
for  very  short  tubes,  and  the  latter  for  exces- 
sively Ion?  ones.  A  conservative  value  of  5'  has 
been  allowed  for  the  quantity  in  this  design. 

The  value  of  the  velocity  (v)  is  obtained 


from  the  expression    v  =  0  /  A, where  (Q)  is  the 
quantity  of  discharge  in  cusees  and  (A)  is  the 
cross-sectional  area  at  the  too  of   the  tube. 

The  value  of  (A)  is  the  same  as  that  at 

the  runner  band.  The  diameter  at  this  noi^t  of 

>/ 

a  Type  4  runner  is  riven  by  "Gelpke  and  Van  Cleve 

as  D  -  .pFF  L,  TThere  (E)  is  the  nominal  runner 

1 
diameter. Then 

D  =  . QpP  x  42  3/4 
1     12  =  3.045'  , 

? 

and     A  =   3.045  -  7.28  so.' 
.  71  ^4 

As  0  =  20r.°9        v  =  20"'.  20   -   28.45  feet  per  sec. 

7.  oq 

Substituting  in  the  equation  for  (!]) 

2 
E  _  33.-7  -  4  -  28.45  /  2>r  =  17.11'  or  1"". 

As  the  height  of  the  lo^er  end  section 

is  to  be  equal  to  .(D  )  by  choice,  the  center  of 

this  section  would  be  1?  -  3.045  =  18*  fi"  below 

2 

the  runner  band,  allowing  no  water  seal  for  the 
tube.  The  height  of  the  tube,  measured  along  the 
center  line  is  to  be  19'  2",    thus  providing  a 
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of  a  ds>pt,h  fcqu&l   t,o   °      at   tin^s  of  minimum   tail- 
water  level. 

For  purposes  of  design  the  distance  from 
the  center  line  of  the  turbine  to  the  front  of 
the  power  house  has  been  tentatively  fixed  at 
16.0'. 

Layout  of  center  line  of  tube:- 

The  center  line  of  the  draft  tube  should, 
whenever  possible,  be  vertical  inrediately  be- 
neath the  runner,  and  should  be  of  such  shape  as 
to  intersect  the  center  point  of  the  end  section 
on  a  horizontal  tangent. 

T'to  uoints  on  the  center  line  of  the  tube 
have  already  been  obtained,  theone  at  the  too  beintr 
fixed,  and  the  one  at  the  lower  end  being  assumed 
for  the  present. 

It  has  been  decided  to  design  a  tube  hav- 
itc  center  line  vertical  for  a  length  of  F1  2", 
and  parabolic,  or  as  nearly  so  as  possible3for  the 
remainder  of  its  length. 
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Assuming  a  set  of  rectanp-^lar  ••Brdinates 
passing  through  the  point  on  the  center  line  at 
whiGh  the  vertical  portion  ends,  the  ordinates  and 
abscissae  of  this  point  and  the  one  at  the  loner 
end  of  the  curve  are  (0,  0  ),  and  (  -14,  -16  ). 

The  elements  of  a  parabola  passing  through 
these  two  points  win  be  calculated.  The  general 
equation  of  the  parabola  is   y'  =  a  x  .  Substi- 
tuting; the  values  of  x  a^d  y  as  16  and  14  in  the 
above  equation  we  obtain 

196 

142  e  a  x  16,    and   a  =  =  12.25. 

16 
Several  points  upon  this  curve  were  found 

and  plotted,  as  shown  upon  Fi)?.  (9).  It  may  be 
seen  from  this  figurs  that  the  curve  is  far  froT. 
horizontal  at  the  point  (b).  A  circular  arc  of 
14'  radius  has  therefore   een  drawn  which  is  tan- 
gent to  the  horizontal  at  the  point  (b),  being; 
centered  at  (  -16  ,  0  ).  A  parabola  passing 
through  (0,0),  and  tangent  to  this  arc  may 
be  calculated  from  the  expression  yJ  =  e  x. 
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3  =  °  (  c  i  /  c  (  c-a  )    ), 
where  e  is  the  horizontal  distance  from  (0,0) 
to  the  center  of  the  circle. 

Substituting:  in  this  equation  we  have 


a  =  2  (  16  ±  /l6-  (16-12.25  )   =  16.52. 

and  y  =  16. 52  x. 

The  center  line  Vias  accordingly  been  de- 
signed as  shown  on  the  lower  curve  of  Fl*.  (q  ), 
bein<?  made  up  of  a  vertical,  a  oarabolic,  a  cir- 
cular and  a  horizontal  section.  Its  total  lengt!  , 
as  scaled  fro"-  dimensioned  drawing  shown  in  Plate 
(3),  is  27.  2'  . 

The  cross-sectional  areas  at  the  different 
points  on  the  center  line  have  been  designed  in  a 
manner  such  that  the  change  in  velocity  head  shall 
rdvjr   exceed  the  change  i       c  head.  Reasoning; 
along  this  line  Mr.  Hillberg  :ias  derived  the  foll- 
owing expression  for  the  welocity  at  any  point  in 
the  tube 

a+t'   a' 
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where  ha  and  ha  ,  are  the  statin  heads  at  the  corres- 
ponding points.  This  expression  represents  a  para- 
bola, The  velocity  in  the  tube  shovld  be  retarded 

in  accordance  with  a  curve  taken  from  the  branch 

o 
of  a  parabola,  the  equation  of  which  is  y  -k  x. 

To  apply  this  curve  it  is  neeessary  to  shift 

the  X-axis  in  such  a  nanner  that  the  apex  of  the  oara- 

bola(of  the  par-abnla)  will  bs  located  at  (  f),b  ).  If 

the  axes  of  this  system  of  soordinates  are  called 

1  I  /,   z-x  ,  and  v=  b-y. 


(b-v)~  =  k  x,   and  v  =  b  -  /k  x 
Designating  the  velocities  at  entrance  and 
exit  as  vn  and  v   respectively, and  the  abscissae  of 
these  points  as  z   and  zn  we  obtain  the  following; _ 
Assuming  v,  and  vn equal  to  y_  4  yn 


(a)     v  =  vi+vn"/^i  +  v5*  V*,  (l=length  of  tube). 


(b)    z1   «     I 

r/'i/v-i  -  i 


iubstitutin      ±n   eouation    (a)    the  values 
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already  obtained  for  its  symbols,  and  a  value  of 
10'  per  second  for  the  exit  velocity,  we  have 


v  =  28.46  +  10  -  /y.45-  -10"   z  =3R.45-5.01/z 

2° .  2 

z   -        .  :  =  3 .  9  fl ' . 

1    (  -^g-  .r^-j  )2  ^ 

It  should  be  noted  that  a  value  of  28.2*  is 
taken  for  the  length  of  the  draft  tube,  it  was  found 
by  carrying  out  the  calculations  for  the  27.2'  draft 
tube  that  the  latter  was  too  short  to  carry  out  the 
functions  desired  ,  if  it  were  to  live  up  to  the 
rule  regrardin^  maximum  chan-r-  of  velocity  head. 
Accordingly,  an  extension  one  foot  in  length  was 
Tiade  at  the  lower  end,  the  sub-strueture  of  the 

er  house  being  sxtended  this  distance,  as  shown 
upon  the  plans  of  the  power  ]  ou:  5.  (Plates  6  and  "j. 

Upon  Table  (•"•/  may  be  found  the  results  of 
the  complete  calculations  made  at  15  sections  of  the 
tube.   The  curves  of  Velocity, Velocity  head  and 
Static  head  are  shown  upon  Figure  OJl.  Dimensined 
views  of  the  draft  tube  as  designed  are  given  to 
scale  upon  Plate  (°  >. 
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DESIGN      OF      A      20,000      H.P. 
H  Y   D  R  0-E  LECTRIC      DEVELOPMENT. 

TABLE      (5). 
RESULTS   OF   COMPUTATIONS    IN   DESIGN   OF 
DRAFT      TUBE. 


r 

>      r> 

Pt. 

d' 

Z* 

V     V 

-V 

h  -  h 

Area 

Length' 

a     a 

a        a 

1 

0.0 

3.98 

2^.45 

2.0b 

3.20 

7.2^ 

3.  045 

2 

2.2 

6.  IF 

"6.00 

1.45 

2.00 

7.97 

3.27 

3 

4.2 

8.18 

24.11 

1.22 

1.98 

8.60 

3.48 

4 

6.  2 

10JL8 

22.  4o 

1.01 

1.91 

9.24 

3.69 

5 

8.2 

12J8 

20.95 

1.62 

3.31 

9.90 

3.91 

7 

12.2 

16,18 

18.30 

1.25 

2.  83 

11.32 

4.37 

9 

16.2 

20J.8 

15.95 

.99 

2.  2^ 

13.00 

4.92 

11 

20.2 

24J8 

13.80 

%no 

1.37 

15.03 

5.59 

13 

24.  2 

28J.8 

11.85 

.63 

.33 

17.50 

6.40 

15 

28.2 

32JL8 

10.00 

20.72 

7.46 
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DETAILED  LAYOUT  OF  POWER  PLANT. 


HYDRAULIC  EQUIPMENT 

The  detailed  layout  of  the  power  plant  is 
shown  on  Plates  (6)  and  (v),and  the  wiring;  diagram 
en  Plate  (9  ;. 

The  building  is  divided  into  two  sections, 
one  containing  the  turbines,  generating  units,  and 
exciters,  the  other  the  transformers,  switches,  and 
lightning  proteetive  devices. 

The  turbine  and  generator  units  are  placed 
24;  0"  center  to  center.  The  center  line  of  the 
turbines  is  17'  0"  frem  the  front  of  the  power- 
house sub -structure,  and  If?'  0"  from  the  front  of 
the  superstructure,  the  reason  for  the  sub-structure 
extension  being  explained  under  "Design  of  Draft  Tube', 

A  passageway  has  been  provided  for  the  inspec- 
tion «f  the  turbines  and  governors.  The  latter  are 
of  the  Lombard  type,  and  may  be  adjusted  from  the 
generator  floor. 

The  detailed  desi^hjof  the  various  hydraulic 
features  of  the  plant  have  already  been  given. 
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The  penstocks  pass  from  the  rear  of  the 
plant,  through  arches  in  the  foundations  of  the 
Switch  House  to  the  penstock  Valves,  which  are  le- 
gated as  shawn.  Ihese  valves  are  eperated  from  the 
generator  floor.  The  concrete  of  the  sub-structure 
is  carried  upwards  as  far  as  the  middle  of  the 
Taper  Piece  for  the  section  of  the  Generator  House 
beneath  the  Switch  Gallery,  and  to  the  Generator 
floorfor  the  part  of  the  plant  between  this  and 
the  river. 

The  scroll  case  rests  direetly  upon  the  con- 
crete of  the  sub -structure,  the  draft  tube  bein? 
aetalded  in  the  concrete  beneath. 

SL-CTRICAL  EQUIPMENT. 
Four  4o00  K.V.A.  alternators  are  located 
upon  the  generator  floor  as  shewn,  bein^  mounted 
upon  the  seme  vertical  shafts  as  their  drivinr  u- 
nits.  A  150  X.W.  exciter  is  mounted  upon  the  gen- 
erator shaft  above  each  unit.  A  motor  driven  ex- 
citer cf  the  same  capacity  is  located  upon  this 
floor. 

The  switchboard  gallery  is  located  over 
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a  oortion  of  the  generator  floor  as  shews, 
rite  rheostats  are  loeated  beneath  this  balcony. 

The  Switch  house  has  t'vo  floors.  On  the  low- 
er floor  are  located  the  Ion  tension  busses,  low  ten- 
sion switches,  and  the  transformers,  rhe  second  floor 
contains  the  66000  busses  and  switches,  and  the  series 
transformers.  The  alininu  i  lightning  arrester  cells  are 
located  upon  a  balcony  over  the  middle  section  of  the 
plant.  The  spark  gaps  have  been  located  upon  the  out- 
side of  the  building,  ana  are  protected  by  an  extension 
of  the  roof.  Two  high  tension  lines  leave  the  plant  at 
this  point. 

A  wiring  diagram  of  the  plant  has  been  given 
on  Plate  (9).  The  panels  which  have  not  been  shown 
have  been  indicated  so  that  a  general  idea  of  the 
whole  system  might  be  given. 


To/oogir-cf/o/j/o  Afo^o 
o//iser\sso/7  c/crs?7  <r&?ofoge  /6o^s/f7. 


A/of* 

from  U.^  fo^o^ro/p/y/o  AZo/o  of  fas-fo^&A/X, 
Quoo'/'o^g/&,  ma'c/e  £>y  Ct<S.G&o/og>/c-ar/  i5is/~i*e 
/T/y/or-a&c/  rf-orr?  ~soo/e   of  /-6^.soo  fo   0601, 


Hrcieo£:t-£:cT<e/60£v£2-OPrtfMA 


ISSSSV 


gssirarasssBssssiniBssiMusiiiiuss 


■Bli^HM 


n 


^S&of/orto'/  t-/«(v  of  ecr/'f/? 
<zsn£>Or7/;s770s7/1  is/?o*v/r?c?  cor?- 
ar-e/e  com  wo//,  arid  /oro fee f- 
/Or?   crgroyr?*?/    i^ror^/?.  ^s 

<5~co/0  /"Srr  ^^ 


:  IMxbr  /e>ise/-  £/.M6 


/Vote. 
7~f>e    data    for  ffje    contours 
yshown    on    this  p/afe    wois  ob- 
tained from  U&.Geo/og/ca/ 'Sur- 
rey  of  Fbrfaa^MYtQuadrang/e 


mww 


/        /°/o>r>    ]//e;w   of 
I    ^/isarsyar?  f?om_,  ar?c/ 
fo/3o&r-ar/D/7y    of  &/f<z 
•^ccr/e  /"=/Oo' 


*~/n  Iesr?£>crs7/(:rr70r?f 


\s&/ *?&&/7os; 


\^--^        "/»  /eis0/  &<zor/i 
C~or?cr~ete-    /n&rc/i/rTtp 


"^ K>^"^      &0/r7far>z&c/  Concrete 
^Concrefe  /^oron. 


yaeo-£/-  eo  ne/c  oeircL  orr/eNr 




fill 


Tcrrys  wh&n  heoc/  o^er-  ( 


tj 

.» 

ih^-jl; 

- 

It 

^Se-tzf/o/?    fhroogf?  iGe/s?/o. 


msnswra 


■-ryoxo-^ecr/e/CDCvzi-  ar/*r£~/vr\ 


/^/or?   i//ew  tsjhonS' 

fore  /oa>/~f  of 

funne/  /r?fcr£e. 


il^^^^g 


M  rxmmm 


7~UA//V£U-    //V7»S<£: 


/7,rci/eo-£'L£C7'/e/c£>£:i/£Zo/='A?£rA/r 


Vos?  of  *So/~o//-Co& 


f/0/7   of  d/~off  tube. 
O/ion-r?  dcxs/?ed) 


•&e.of/o/7s    of  <f/~aff  fube 
ofpo/nfe  on 
00/7 fer~  ///?&. 


\\    T 


tyy£>/eO£'L£'Crje/C£>£V£Z.OPMENT\ 


nB3§5B3S3BE£ 


